We review our studies of spectator-induced electromagnetic (EM) effects on the emission of charged mesons in the final state of ultrarelativistic heavy ion collisions. We argue that these effects offer sensitivity to the distance d E between the charged meson formation zone at freeze-out and the spectator system. As such, they can serve as an independent, new tool to probe the space-time and longitudinal evolution of the system created in the collision. As a phenomenological application for this tool in the context of resonance production and decay, we obtain a first estimate of the time of pion emission from EM effects. This we compare to existing HBT data.
Introduction
In the following we address the issue of final state electromagnetic (EM) interactions between the charged mesons emitted in high energy heavy ion collisions and the positively charged nuclear remnant ("spectator system") which does not participate directly in the collision. We will argue that the latter effects can be used as a new tool to study the space-time features of the reaction, applicable over a wide range of collision centrality.
EM effects on charged meson spectra and directed flow
An overview of the influence of the EM field from the spectator system over the phase space available for π + and π − meson production is presented in Fig. 1 . The measurements come from the NA49 experiment at the CERN SPS, for peripheral and intermediate centrality Pb+Pb collisions at √ s NN = 17.3 GeV. The invariant double differential spectra of positive (negative) pions (panels a,b) display an evident strong depletion (enhancement) at low transverse momenta in the vicinity of x F = 0.15 = m π /m p , which corresponds to pions moving parallel to the spectator system and with the same velocity (rapidity). This apparent repulsion of positive (attraction of negative) pions from spectator vicinity results in a very large, isospin symmetry-breaking distortion of π + /π − ratios as a function of pion transverse momentum as apparent in panel (c). What may, at first glance, appear surprising is that the centrality dependence of this effect is quite weak at least between peripheral and intermediate collisions. However, this can be understood from simple geometrical considerations on the interplay between the decrease of total spectator electric charge and that of the collision impact parameter b with increasing centrality. Analogous EM-induced effects are present for collective azimuthal anisotropies (directed flow) for charged pion emission w.r.t. the reaction plane as described in [1] . 
Sensitivity of EM effects to the space-time evolution of the system
As the electromagnetically modified trajectory connects the charged meson produced at freeze-out with its final state measured in the detector, it is probably not very surprising that the EM-induced distortion of the latter appears sensitive to the space-time evolution of the particle production process.
As this was demonstrated in [2, 3] , the overall shape of the electromagnetic distortion of charged pion spectra, and of charge-dependent effects on directed flow, is directly sensitive to the distance d E between the longitudinal position of the pion created at freeze-out, and the longitudinal position of the spectator system at the moment (in the collision c.m.s. time) at which the pion is created as shown in Fig. 2 (a) . Our subsequent studies based on a simulation of the relativistic motion of charged particles in the EM field indicate that the distortion of π + and π − spectra shown in Fig. 2 (d) , where a decrease of d E with increasing pion rapidity is evident. As we described in [4] , a Monte Carlo model based on a compilation of knowledge existing on baryonic (∆) and mesonic (ρ) resonance production and decay can serve as a simple tool for a further investigation of this result. A tentative simulation assuming immediate production of these low-lying resonances at the interaction point -τ = 0, as shown in Fig. 2(b) -fails to reproduce the values of d E obtained from EM effects. This is no longer the case for the space-time evolution simulated as shown in Fig. 2(c) , which indicates that the space-time properties and proper lifetime τ of the intermediate system of hot and dense matter created in the collision can be independently studied, and estimated, by means of spectator-induced EM interactions. A tentative evaluation of uncertainties induced by our incomplete knowledge of resonance production is presented in Fig. 2(e) . This suggests that the latter uncertainties will in fact remain below the tentative error bars associated at present to our d E extraction procedures mentioned above. As the latter can definitely be reduced by future experimental and theoretical effort, it can be expected that an overall improvement in knowledge of space-time evolution of the system up to very high rapidities can be obtained from EM effects.
At the present moment, the space-time characteristics of this system, tentatively established from these effects in the collision energy range √ s NN = 7.7 − 17.3 GeV discussed here and shown in
Figs 2(d) and 2(c), can give an independent estimate for the time of pion emission as a function of its rapidity. At midrapidity this time being equal to d E (y/y beam = 0)/β, where β is the spectator velocity, our preliminary estimate gives 5.3 ± 2.2 fm/c for the time of pion emission in this region. For comparison, the pion decoupling times compiled in the published HBT analysis by the ALICE Collaboration [7] show values of approximately τ f ≈ 6 fm/c for the same range of collision energies 1 .
